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Humanized C-erbB«2 specific antibodies 

Field of the Invention 

Hie present invention related to the field of molecular biology in general, 
and the field of chimeric immunoglobulins in paxticular. 

S ^a(?kg^pupd 

The present invention relates to altered immunoglobulin molecules in which 
at least pan of the complementarity determining regions in the light or heavy chain 
variable domains have been replaced by analogous complementarity determining 
region(s) from a murine antibody spGdSc for c-er1)B-2. 

10 The c-ert>-2 (HER-2) mcogene may be expressed in human breast 

carcinoma cells but is either not psqiressed, or e^qiressed at much lower levels, in 
non-cancenms cells. It is thus of interest to provide antibodies qiedfic for the erb 
encoded protein. Antibodies q)ecific for this protein may be used to assay for 
presoice of cells eaqiressing the erb encoded protmi, or may be applied to patients 

IS so as to q)eciiicaUy bind to carcinoma cells dther for diagnostic, imaging or 
ther^)eutic puiposes. 

It is of interest to produce monoclonal antibodies spcdBc for antigois that 
are expressed in much hi^ier amounts in tumon, such as Monoclonal 
antibodies have numennis advantages over polyclonal antibody preparations to the " 

20 same antigen. These advantages inchide higher specificity and the ability to 
reprodudbly generate large quantities of the antibody of interest. Since most 
monoclonal antibodies are of murine or non-human origin, their administration 
into human patients is a significant problem. Introduction of non*human 
antibodies into human patients may have a variety of adverse effects. Such 

25 adverse effects include the develqpment of an antibody response directed to many 
portions of the administered monoclonal antibody, such as HAMA (human anti- 
mouse antibody). Additionally, the antibody may fail to interna with other 
portions of the human immune system, e.g., a murine antibody Fc region may not 
interact witii human Fc receptors, thus resulting in the absence of the desired 
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iminiine le^Kmse to cells displaying the antigen of interest, or may fail to activate 
complemenit Attempts to pnxince human monoclonal antibodies specific for 
antigens of interest have proven to be difficult for several reasons, including the 
lack of good fiision paitneis for human cdls» ^hical problems associated with 
5 unmunizing human patirats to obtain lymphocytes, as weO as difficult in 
obtainmg human lymphocyte donors^ Because of the difficulties associated with 
obtaining human antibodies specific fi>r the desiied antigen, it is of interest to 
provide for "humanized" murine antibody ^ecific for the antigen, Le., an 
antibody that contains primdnly human amino add i ffq fffn cfs and some of the 
10 variable r^on sequence of a conventicmal murine antibody specific for the desired 
antigOL 

Humanized antibodies (or more generally, hnmamzed immunoglobulins) 
have at least three potential advantages over murine antibodies for use in human 
ibsxapy. 

15 B eca u se die constant region portion is human, a ham^mypA antibody may 

interact b^ter with other parts of die human immune system (e.g. , destroy the 
taigst cells more efficiently by coiq>iCTent dq)endant ototoxicity or antibody- 
dependent ceOular cytotoxicity). 

Hie human immune system should not recognize the humanized portions of 

20 the hum a niz e d immunoglobulin as foreign, and therefore the immune leqxmse 
against an injected hnmamzed immimo^obuUn should be less than the immune 
reqxmse against an itgected totally murine itnmi ifi ng i^h nKn . 

Injected murine antibodies have been iqKmed to have a half-life in the 
human drculation much shorto* than the half-lifg nf hnmai^ flmihnjjgs (Shaw, ^ 

25 iL, J TmntiiBni , 138:45344538 (1987)). It is possible that infected humanized 
inununoglobniins win have a half life moie Eke that of human immunogiobulms, 
thus allowing smaller and less fitequent doses of tfaeiq»utic inununoglobulins to be 
administered to the body witii the same or better outcome. 

Numerous attempts have been made to circumv^ the problems associated 

30 with adminisrOT Ug non-human monoclonal antibodies to humans by modifying 
non-human antibodies so as to rq>laoe inn-human sequences with amino add 
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sequence denved from human antibodies. Several publications, patents and patent 
plications disclose hnmanireri antibodies and m^ods.for their production by 
recombinant DNA technology. See for example, European Patrat Application 
EPA-0-239-400, Recombinant Antibodies and Methods for Their Pitxhiction; PCT 
S Application WO89/09622, IL-2 Seceptor-Specific Chimeric Antibodies; European 
Patent Application EPA 0-338-745, Method for Producing Secombmant DNA 
Proteins; and European Patent plication EPA 0-332-424, Chimeric Antibodies 
Directed Against Human Carcinoembiyonic Antigen. Typically, murine 
monoclonal antibodies are raised against an antigen of interest, die 
10 immunoglobulin genes encodmg the antibody of mterest are then extracted fiom 
the hybridoma gmmie, sequenced, and genoically manipiiifl»ftri so as to replace 
non-human constant region sequences with human constant region sequences. 
Such "chimeric" antibodies contain murine variable i^ons and human constant 
regions. 

15 Although others, e,g.. Winter in EPA-0-239-400, have replaced human 

hypervariable sequoices with murine hypervariable sequence specific for an 
antigen of interest in order to obtain humanized "hyp^chimeric" antibodies 
specific for an antigen, such teachings provide no e?q)ectation of success for 
attempts to produce humanized antibodies (or derivatives thereof) specific for c- 

20 erbB-2 or any other given andgen. Antigra combining sites have complex 3- 
dimensional structures that are in pan dependant on the primary flwimp add 
sequenceof the variable region of immunoglobulins. The goiecal procedure and 
concerns associated with producing humanized, diimeric and byperchimeric 
antibodies can be found in Antibody Bnfinaeritiy^ ^^t^ Ky li..^.^ h. 

25 Freeman and Co. Publishers. Thus changing several amino adds widdn ttie 
variable region of an immunoglobulin would not be oqiected to have an 
predictable effea on the structure (and consequendy on antigen binding properties) 
of ib& variable region. 
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fjiimnia^ of faVCTtion 

The subject inv^on pnmdes for bomanized immunoglobulin molecules 
(and derivatives thmoQ q)edfic for c-^ Nucleic acid sequoices encoding 
these immnnoglobulins, and cells for ttie eTqnession of the humanized 
5 imnnmogiobniins axe also provided fcr. 

The subject invoition also pnmdes for m^hods of using the humanized 
immunoglobulins to diagnose and tceat cancer. Cdlsforthepnxlocdonctf 
hiiniatitwrf c-eri>-2 immunoglobulins and jn vitro syndiesis mediods for diese 
imnumogloliuUns are also tan^iL 

10 Description of Fipnes 

Figure 1 provides the nucleotide sequence (total 1SS4 base pairs) ocoding 
a hnmanized wA-eASl specific Fab fiagment (SEQID:No. 1) doived foom the 
hypervariable regions (also reSesmi to as oomplonoitari^ detennining regions, of 
abbreviated CDR] of murine anti<'«ri)B-2 monoclonal antibody 520C^^ Tbe 
IS humanized light and heavy chains of the Fab fragment have hoai modified to 
contain an E, coli phoA leadg sequence^ A plasmid comprising the nucleotide 
sequence of Rgure 1 is pLW187. The E. coli strain containing pLW187 is 
rrfored to as TLW170-1 m tins qq»lication. 

The sequraice of Figure 1 (SBQ ID:No. 1) may be divided into the 
20 following subsequences: 

lrI43bp phoA promoter and leader; 
^ 144-779bp F"™"™^ Heavy Oiain; 

144-233 FRl (human parent TSYC 1147*28); 
234-248 CDRl (mouse S20C9); 
25 249-290 FK2 (human paient TSYC 1147-28); 

291-342 CDS2 (mouse 520C9); 
343-437 FR3 (bunum parent TSYC 1147-28); 
438-4SS (3)S3 (mouse S20C9); 
4S648S FR4 (human parent TSYC 1147-28); 
30 489-779 Himm Heavy C:hain Constant R^ion 
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780-821KT3 tag; 
822-893bp pboA leader, 
894-lS38bp Humanized light Chain; 

894-966 FRl (human parent TSYC 1150-38); 
5 967-998 CDRl (mouse 520C9); 

999-1043 FR2 (human parent TSYC 1150-38); 

1044-1064 CDR2 (mouse 520C9); 

1065-1160 FR3 (buman parent TSYC 1150-38); 

1161-1187 CDS3 (mouse 520C9); 
10 1188-1220 ER4 (human parent TSYC 1 150-38); 

1221-1538 Human li^ Chain Constant R^on; 

1539-1554 ^QkOMBI Cloning Sites; 

Figure 2 vqnesents a genend sdieme for humanizing murine monoclonal 
antibodies by overiqiping PCR. 
15 Figure 3 iqireseots the scheme and PGR piimers used to produce a 

hunwniTiiri heavy chain immunoglobulin. 

Figure 4 represents the scheme and PCR primers used to produce a 
humanized light chain immuno^obulin. 

Figure 5 rqnesents the scheme used to introduce a phoA leader sequoice 
20 and promoter sequence in firont of a humanized immunoglobulin. 

Kgure 6 rq)resaits the schone used to correct an unintentional sequence 
error made during the production of a humaniyprf ligtjt rhain derived 
immunogldnilin made acoonling the scheme described in Figure 4. 

Qght primers and four templates are used in three nond of ovcri^ipmg 
25 PCR. LWOl is tte primer qwdficaUy designed fwan^liiying the 5' cod of the 
pboA sequence. LW16 and LW17 is a set of oomplemeotaiy junction primers 
which sit at the end of the phoA leader and the b^inning of the coding sequence 
in FRl. Hie template pSYC1087.coniains the phoApiDmter and, when used with 
primers LWOl and LW17, will yidd a fragment (1) containing a 5' Hindm site 
30 and a 3' end bearing sequence for the beginning of PRl. CLC27 is a primer 
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which anneals to the end of FK2 and pan of CDS2. PGR using LW16 and 
CIjC27, wiffa the template '08-ir will xesiilt in apioduct (II) containing correct 
FRl, CDRI, FR2 and CDR2. Canq)lemeDtarity of LW16 and LW17 allow . 
annealing of ftagmems I and D in a second round of PGR, producing fragment 
5 (V). 

CLC26 is a primer which comaiasCDRl and partial FR2 sequence but 
does not reach amino add #43. CLC29 is cong)lementaiy to CLC30 and anneals 
to IK4 as wdl as the b^jnnmg of die hnrnan fight chain constant^ PGR 
with CLC26 and CLC29, uang tenable '38-18* yields a product (DI) containing 

10 correct CDRI, inconect FR*2 containing alanine at amino add #43, and correct 
CDS2, PR3, CDS3, and FR4. Since "38-18" has an inconect constant region, 
"38-17" is used as tenq>Iate for primer CIjC30 and LW20. TUs fimitii PGR 
product ((V) contains correct CDR3, FR4, and human lig^ chain constant region. 
Con^lementarity of CLC29 and CLG30 at GDR3 allow fragmmts m and IV to 

15 anneal for die second round of overlap PGR, producing fragment VI. 

PGR fragments V and VI are complementary at framework 2 except at 
amino add residue #43, where in fragment V tihe residue is threonine (AGG) and 
where in fragmoit VI, tte readue is alanine (GCC). Axinealing of tfiese two 
fragments during the final round of PGR will yidd products which due to the 

20 differing nature of its teoqplates, win bear amino add al^ 
residue 43. 

Deserijption of Specific Hmhodiments 

A. Definitions 

An imnmnoglobulin molecule may be divided into several rep An 

25 immunoglobulm molecule may conqmse one or more polypqrtide diains, i.e. a 
muM-poiypepdde immnno^obufin. for example, consists of 2 heavy (H) 
doins and 2 li^^) chains. An immunpglobulin chain Qfpically comprises 
variable regions and oonsiant legjons; the H chain of IgG contains one variable 
region and one constant region, each constant region has a different sequence, and 

30 the OL)diain has one varoble and one constant region. The constant region of an 
H chain can be furdm subdivided into 3 domains, j»ch of whidi forms a sqiarate 
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compact tightly folded 3 dimeosioiial unit. The L and H variable i^ons aie 
similariy folded into sqaiate oonqnct units. The variable region of an 
immunoglobulin chain (H and L) may be fiiither divided into three hypervariable 
regions (also called complemratarity deteimining i^ions, abbreviated CDR) and 
four ftamewoik unions (abbreviated FR). The fiamewoik regions sqaiate the 
hypervariaUe ii^ons ftom each other in the linear amino add sequeoce. 
Compared to the hypervariabte or CDR nsgions, the ftameworit regfo 
amino adds that do iiot vaiy as much between immunogiobnlins pnxfaiced by the 
same oiganism and are reasonably fixed in 3-dimensi(mal q»ce. I^ewoik 
region amino adds sequences may exhibit more variation within an organism than 
constant region amino add sequences. Hypervariable regions, on the other hand, 
vary to a much greater extent between individual immunoglobulin molecules 
produced by the same organism, and are less weU fixed in 3-dimensional space. 
Tlie hypervariable regions are believed to form a major part of the antigen binding 
15 site of an antibody. Tte framework regions of the immunoglobulins are believed 
to fonn two opposing beta-pleated sheets, which are the basic structnial element of 
thedomain. Tliese strands of the beia sheet are amnected by loops of polypeptide 
dain whidi are timught to contain tije hypervariable i^ns of the variable region 
of an immunoglobulin. Interactions between certain fnuneworic and CDR residues 
may influence tiie folding of tiie protdn, patticulariy tie hypervariable loops, and 
affect the ability of tbs antigen binding she to recognize antigen. 

Consiam regions of an immunoglobulin are located distal or C-tenninal to 
tiie variable region. Consiam regions may be of a light daindassindnding 
kappa and lambda chain consiam regions (and tiie various subclasses thereof), or 
25 may be of a heavy daindassindnding tiie heavy chain constant regions of IgG, 
IgM, IgA, IgD, and IgB antibodies (and tiie various subdasses tiiereof). 

"Qpenbly joined" refers to a juxtaposition such flat noimal fenction of tiie 
components can be performed. Ttais, a coding sequence "opeiably joined" to 
expression control sequences refers to a configuration wheidn tiie coding 
sequences can be ejqjTBssed under tiie control of diese sequences. Such control 
may be direct, tiat is, a single gene assodated witii a single promoter, or indirect, 



20 



30 
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as in the case where a polydstronic tiansciq)t is expressed firom a single promoter. 

•Control sequMice" and "expression control sequence" refer to a DNA 
sequence or sequences necessary for the cqnessipn or regulation (transcnptional 
or translational) of an opeiably joined coding sequrace in a particular host 

5 oiganism. The control sequences, that are suitable for procaxyotes, for example, 
indude a promoter, optionally an qpeiatorsequaice, a xibosome binding site, a 
transciq)tion tenninator^ and possible other as yet poorly understood seq u ences, 
Eucaryodc cells are known to utilize control sequences, whidi include promotecs, 
poifyadaylation gignaig, enhanoeis, fff^gnc gy^ j and the like. 

10 The tenn "funcdonal pair" when used widi rdecence to variable regions 

(humanized or othmvise) infioids a s^ of 2 variable regions (one derived finom the 
L chain and one fitom the H diam) that fonn an antiga combining ate in an 
andbody. Functionalpairsof variable regions specific for an antigen of intraest 
may be found in the variable region from the heavy chain and the variable region 

15 from the ligjit chain of an antibody specific for the antigen of inteiesL Examples 
of foncdonal pairs of variable regions inchufe the polypqddes encoded by 
nucleotides 144^8 and nucleoddes 894-1220 of Figure 1 (SEQ IDiNOl). 

Hie term "functional proximity" whm used with reference to variable 
r^ons (humanized or otherwise) intends that the funcdonal pair of L and H 

20 variable regions be spatially located with respect to each other so as to form an 
antigra combining site. 

The terms "heavy chain-^lerived" and "light chain-derived" when applied 
to immunoglobulins of die subject invention indicate that the variable r^ion 
hypervariable sequences in the spoaSoi poiyp^de are present on either the 

25 heavy chain or the light chain, respectively, of die antibody fiom which die 
hypervariable sequoices of interest were originally discovered. 

Ihetenn "humanized" as ai^lied to immunoglobulins intends that at least a 
portion of the fiomework regions of an immunoglobulin are dmved from human 
immunoglobulin sequences , 

30 When sequences are said to be "hunm",aUhuinan alleles for the given 

sequence, in addition to the sequence spedfically exenqilified, are inchided. 
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Moreover, the subject inventioD cont^nplates that minor amino acid sequence 
changes, including substitutions, deletions, and insertions, typically in the range of 
about 1 to 5 amino adds, may be made to humanized immunoglobulins specific 
for c-eibB-2 without significantly altering the binding ^)ecificity of the 
S immunoglobulin. 

When a functional pair of variable regions aie "spedfic" for a given 
antigen (or hapten)^ the antigen combining site fonned by the functional pair is 
capable erf binding to the antigen (or hapten) of interest more strongly than to 
randomly sdected molecules. 

10 B. SauaaLDsssz^ 

Hie subject invention provides for immunoglobulin molecules with variable 
r^ons comprising the hyp^variable regions of the anti-c-erfaiB-2 spodRc 
antibodies (in particular the murine monocIoiialandbodyS20C9), human 
fiamework legions, and human constant regioQ sequences. In addition to 

IS providing for kmmirM c-abB-2-q)ecific immunoglobulin molecules, the subject 
invention also includes nucldc add sequences encoding the humaniyfyi 
immunoglobulins, as weU as cell host systons for the e3q>ression of humanized 
immunoglobulins. 

Humatii7iy1 immunoglobulins specific for antigens of interest may be 

20 obtained by prq>aring non-human, piefmably murine, monodonal antibodies 
against an antigm of interest, determining the amino acid sequence of the non* 
human antibody, preferably by isolating (by any of a variety of wdl known gene 
isolation techniques, inchiding PCR) and sequencing cDNA sequences encoding 
the chains of the ncm-human monoclonal antibody of interesL The aminn acid 

25 sequence of the bypervariable v^ions of the non-human monocbnal antibody may 
then be oonqiared with canonical framework region sequences and hypemriable 
Fpgion amino add sequences of human immunoglobulin variable regions so as to 
determine whidi anuno adds must be changed to humanize the non-human 
sequence. Guidance for selecting the framework sequences and bypervariable 

30 sequences widiin the variable region of an immunoglobulin can be found in severe 
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publications, including the article by Chothia, et aL Nature 342:878-879 (1989) 
and the book Antibody Bipneering: A Practical Guide . Boirebaeck ed., W. H. 
Freeman and Co. publisher. By deteimining which sequoices in the non-human 
immunoglobulin gene specific for the antigen of interest constitute framework 

5 regions and which constitute hypervaiiable regions, it becomes possible to 

synthesize a varied of humanized immunoglobulins having an antigen specificity 
jgimiiflr to that of the non-baman mnnnyigin h iiijitfhflt serves as the information 
source for the sequence i^jons. 

WiwnatwTftri variable scions specific for c-eibB*2 may be jdned to a human 

10 constant regionCs), or portions tiiereof , Jpimng of a humaniTgd variable region to 
a constant x^on gives rise to a polypeptide in which tiic amino-terminal portion 
comprises tiie faumamzed variable n^on and die carboxyl-tenninal portion 
cpnq)rises human constant r^ion sequence* Sudi constructs may be r efe rred to as 
"hypodumeric". Humanized light chain-dmved variable r^icms may be 

IS operablyjcriiiedtDlig^chakoonstamri^ons s^^ 

immunoglobulin chains. Similady, famnanized heavy cfaain-cferived variable 
r^ons may be operably joiried to heavy chain constant regions so as to form 
functional immunoglobulin molecules. InapreferrBdembodunentsof the 
invention humanized 1^ chain-derived variable region is operably jomed to 

20 human light chain constant r^ion, and humanized heavy chain-doived variable 
region is operably joined to a human heavy chain con^ant region(s). 

Id addition to providing for hnmaTiiyM immunoglobulins q)ecific for c- 
erbB-2, die subject invoition also provides for various polypq)tides (and 
corresponding nucldc add sequences) comprismg portions of o-e^iBrl spedSo 

25 humanized immunoglobulins, in particular the variable region portion of the 
humanized immunoglobttlm. Furtiiermore, the subject invention provides for 
various doivatives of c-erbB-2 spedfic immunoglobulm chams that conqnise 
additional polypqitide sequences. These additional polypeptide sequences may 
have any of a variety of functions indudiiig, ena^es, toxins, antigenic tagging 

30 sequences, and die like. 

Many modifications and variations of humanized variable r^ion sequmces 
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within the present demonstrative nucleic acid sequence of Figure 1 (SEQ ID: NO 
1) are possible. For example, the degeneracy of the genetic code allows for the 
substitution of nucleotides (which can be used or optimized in accordance with 
codon usage pattmis for expression in various host cells) throughout the 
S polypqitide coding tc^ms, as well as for the substhudon of the translationai stop 
signal specifically exemplified. Such sequences can be deduced ftom the known 
amino acid or DNA sequoioe of the S20C9 antibody chains (and the constant 
regions or antibodies of difforat classes) and can be constnicted by conventional 
synthetic procedures. Such synOetic medsods can be carded out in substantial 

10 accordance widi die procedures of Itakura, ajl., 1977 Science 198:1056, Crea, 
AM. Proc. Nat. Acad. Sd. USA 75:5765 (1978). In addition, synthetic genes 
(and fragments thmof) and linkers can be synthesized eitho' by using a Systec 
14S0a DNA ^nthesizer (Systec, Inc., 3816 Chandler Drive, Minneapolis, 
Minnesota) or an ^lied Biosystems 380a DNA synthesizer (Applied Biosystems, 

15 Inc. 850 Lincota Center Drive, F6ster City, California 94404). Many other DNA 
sy nthesizin g instnmaits are known in the art and can be used to make synthetic 
DNA fragments. Therefore, the present invention is no way limited to the DNA 
sequ^ces q)ecifically exmipUfied. 

A preferred method of synthesizing nucleic acid sequences ^coding 

20 humaniz ed immunoglobulins is by means of overiaiying PCR. The technique of 
overlying PGR is described in the article by Horton, a (Sene 77:61-68 
(1989) and in U.S. Patent No. 5,023,171. The technique of overlapping PGR may 
be used to produce a humanized immunoglobulin by perfonning overiqsping PCR 
on cDNA sequ CT ce from a human inununoglobulin gene with the a ppropri ate 

25 oligonucleodde primers. 

In brief, the tedmique of PGR q)licing by overi^ extension is as follows. 
PCR oligonucleotide primer paixs are prqwed. Each oligonucleotide primer 
comprises essentially two regions, a 5* r^on containing either sequences 
encoding a restriction endonuclease recognition site or a portion of 

30 complementarity detennining region (CDR) from a non-human inununoglobulin 
gene of interest, and a 3' region ccHnplementaiy to a frameworic region adjacent to 
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th& complemoitarity detmmiiiiig region to whidi the 5' poition of the primer is 
complememaiy. Sets of sudbPCR primers aiepiqiazed for each founewoik 
region of th& human immunog^bulin gene that will fuinish the htman sequences 
for humanizing the non-hnman immunogldnilin gene of interesL The primers are 
5 cQnstmctBd so that S' and 3* n^ions that code widiin the same CDR region are 
oved^ing. An advantage of usmgoveilsqipingPCR to synthesize a n^ 
sequence encoding a humanized noiHfauman imnmno^obulin s^qp^gnry is in tite 
minimization of restriction digest/Iigation reactions and oligonucleotide syntheas 
reactions. TheS' CDRoomidementaiy rpgionsof the PCR piimers are 

10 conq)Iementary to tfie CDR oamplememary r^ons of PCRprmecs that have 3* 
regions conqilementary to ac^acentframeworic regions. As indicated in Figure 2, 
repcassd rounds of ICR give rise to a nucldc add sequism^com^^ 
human immunoglobulin sequence in all regions excq>t for the complementarity 
detennining regions, these regions being derived from the complemoitary 

15 determining regions of non^uman immunoglobulin goies syndiesiang an 

immunoglobulin specific for the antigen of interest However, small portions of 
murine framework sequence (particulariy die canonical residues described by 
Chothia, et aL) may be required in order to generate an active antigen combining 
site. 

20 The humanized immuno^dnilins chains of the subject invention are • 

preferably utilized in die form of mubi-polypqitide i^lInlm(^ g^ ^ ^^^ns comprising at 

Ifigsf fiiift hinniiniTftrf imnninnginhiilin vsmnhlft nyrm fanftipnal ptr Tn tmilri. 

polypeptide bmnanized inmnmo^obuiins comprisihg variable v^ion functional 
pain, the variable regions of the functional pair are preferably tocaliz^ 

25 (the pair members are in functional proximx^ to each aibet) so as to fimn an 
ant^en combining site in which the antigen Irinding site is, at least in part, formed 
by the hypeivariable regions of bodi the light chaiihderived and heavy chain- 
derived hypervariable r^ions of 520C9 or otho^ c-erbB-2 specific antibodies. 
However, the H diain: variable region often oontrihutes mom that the T. rhain 

30 variable region in the interaction with antigen. 

Single humanized immunoglobulin chains may be joined to each other so as 
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to fonn muld-polyp^dde immunoglobulins by a variety of means. Such joining 
means include both ionic interactions and covaient bonds. The means of joining 
individual immunoglobulin chains so as to fonn a muhi-polypeptide 
immunoglobulin axe preferably, aldiough not necessarily, by means of covaient 
5 linkage. The preferred means of covaient linkage is by means of disulfide bridges 
between cysteine residues located within the humanized immunoglobulin chains of 
interest; however, covaient linkage may also be effected through the use of cross- 
linking reagents such as dimethyl-3,3*dithiobi s p ro p i on im idate, N-(4-azidqphenyl) 
phthabmide, and the like. Humanized immuno^obnlindiains may be joined so as 

10 to produce multirpolypeptide immunogldiulins molecules structurally analogous to 
antibodies or fragments thereof, mcfaiding Fab fragments. Fab* fragments, F(ab')3 
fragments, Fabc fragments, Fd fragments, Fr fragments, Fv fragments, single 
chain Fv fragments, and the like. The available literature provides for methods 
for producing antibodies and fragments thereof from polyp^des synthesized by 

IS recombinant DNA and in vitro synthesis techniques. 

The humanized immunoglobulins of the subject invmtion may be 
conjugated to a variety of therapoitic moires. By thenq)eutic moieties it is 
intended a variety of compounds or atoms that find use in the treatment or 
detection of disease conditions. Compounds that find use in treating disease 

20 conditions inchide toxins (or active portions thereof) such as dq>htberia toxin, 
ridn, or Pseudomonas exotoxin, enzymes, convadonal drugs and prodrugs. In 
general, the humanized inununoglobulins of die subject invention may be 
derivatized by known method for conjugating theraq)eutic moieties to antibodies so 
as to pnxhioe highly specific drugs or imaging agents. Oth^ thffiq)eutic moieties 

25 of interest for conjugation to ttie humanized immunoglobulins of die subject 

im^tion indude radio-qiaque imaging agents. Therapeutic moieties also inchid e 
radionuclides for use in imaging or in irradiating tissue, such as '"'Re, 
•'Cu, «>At. »^i, and the like. 

Humanized immunoglobulin sequences may be modified by the addition of 

30 a variety of a secretion signal sequoices preferable joined to the amino terminus of 
the humanized immunoglobulin polypq)tide. Secretion signal sequences (also 
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lefened to as "signal seqaences") serve to provide a signal to the secretion 
"maduneiy" of a cell to esqxnt polypqmdes beaiing such a sequence. Tbt use of 
signal sequences to diiect the odiular loralization and/or export of polypqjtides 
not natmally joined to the signal sequence, Le., hoeroiogous with rvspea to the 

5 signal sequence, is well known in the field of recombinant gene expression. Thus 
signal sequences may be used to simplify the process of pnnfication of die subjects 
polypeptides from recombinant cell esqiression systems for several reasons, 
induding obviating die need to lyse host cells aikl die need to produce subcellular 
fiacdons midied for the polypqrtide of interest Leader sequoioes typically 

10 comprise a charged amino add at the N-tecminus followed by a short hydrophobic 
amino add sequences. Leader sequences may be sdected on the basis of the 
cdhilar raqpression system used to synthesize the humanized immunoglobulin 
poiypqrtide. Signal sequences are preferably selected so as to be removed eidier 
completely or substantially from die humanized immunoglobulin sequence of 

IS interesL The actual leader sequences employed will vary in accordance with the 
choice of cellular expression system selected. Aldiough leader sequences are 
known to direct the localization of proteins in h^erologous e9q>ression systons, 
Le., host cells not naturally producing die protein diat is the source of the signal 
sequence, it is preferable to use lead^ sequences from polypq>tide naturally 

20 esqnessedindiecdlularoqirBssionhosL When eqirBssmg humanized 

immunoglobulins in bacterial systems, a QqA, Le., alkaline phosphatase, signal 
sequence is preferably used for oqiression in £.fiQli. Odier bacterial protein 
signal sequences of interest indude diose from die ompAandpelB genes. For 
eiqnession in tnannnaiiflw oeQs, die use of an immunoglobulin leader seqiifnce is 

25 preferred. For eoqnession in yeast cells, an al^ha factorleader sequence, among 
others, may be used as a signal sequence. 

The humanized immunoglobulins of the subject invention may or may not 
contain "tag" amino add sequences. Sudi "tag" sequences are short amino add 
sequence, normally no more than 20 amino adds m lengdi, preferable less than IS 

30 amino adds in length. Tag sequences may be included in the amino add sequence 
of the subjea hu man ize d immunoglobulins for the purpose of purifying, detecting 
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(or quantifying) the polypq>tides of the subject invention by use of antibodies, 
including monoclonal antibodies, (or similar reagents) capable of specifically 
binding to the tag sequence. Tag sequences without attached immunoglobulin 
amino acid sequences may be synthesized in vitro using various wdl-known 
5 techniques, inchidmg commeidally available polypqidde synthesis machines. The 
ffl yjtro synthesized tag sequences may then be injected into suitable afrinia|] (^ so as 
to mduoe an inmnme response dixected to the tag sequent Antibodies spediic 
for a tag sequence of interest may also be piqaied by imnmnmng an flnimfli with 
a protein having a primaxy amino add sequence that inchides the tag sequence of 

10 interest. Tag sequences are preferably attached at or near the COOH tenninal e»d 
of inununoglobulin molecules. A tag sequence of particular interest is a sequence 
recognized by the ET3 monoclonal andbody. An amino add sequence recognized 
by KT3 is TPEPEPEI. Another example of a tag sequence that may be inserted 
at the caiboxy terminal (or internally as weU) of an immunoglobulin sequence is 

15 the sequence EEEEYMEMR (Grussenmever, et al., Proc. Natl. Acad Sd, TT52A 
82, 7952-54 (1982)). 

The humanized immunoglobulins of the subjea invention may be ejqjrcssed 
in ceUular hosts after the sequoices aicoding the humanized immunoglobulins 
have been opwablyjomed to repression control sequences. Nucleotide sequences 

20 for e>q}rBssion may be conveniently opmbly joined to e^qnession control 
sequences by insotion into restriction sites in e3q)ressionvectm Expression 
vectors may contain expression control sequoioes located near useAd restriction 
sites, and are typicaUy rqilaceable in the host organism either as extia 
chromosomal dements, such as plasmids, or as an mt^ral part of the host 

25 duomosomalDNA. Expression vectors may contain selectable maricers, such as 
antibiotic resistance, to pennit detectifti of those cells transfonned with ^ 
nucleotide sequences of interest, see for example U.S. Intent No. 4,794,362, 
which is herdn incoiporated by referrace. 

Hie polypqitides of the subject invention may be expressed in a variety of 

30 celltypes. Tie literaiure available to those skffled in the an describe nu^ 

cdhilar cjqnession systems for polypq>tides of interest and e3q)ression vectors for 
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use in those systems. See for example M^h^rfg nf Pu Tvinologv Vol. 185, 
Goeddd, Academic Press (1990). Humanized immunoglobulins may be recovered 
and puiffied fiom lecombinant host cdls using cQnvendonal tfichniqiies for 
recovery and purification of recombinantly produced proteins. 

5 Nucleotide sequences oicoding humanized immunoglobulins may be 

esqnessedinavari^of cdls. Cellsforoqnessionmay beeiAerodcaiyoticor 
prokaiyotic Prokaivotic hc»ts of interest indnde Badllus snbtilis, as wdl as 
other ^gSL rateiobacteriaoeae, such as 1. as well as various Streptomvces , 
SaTtfi^pffPa, Senaria. and Psendomonas species. Among piokaiyotic host cells 

10 spedes, E. £^ is paiticulariy prefiaied because of ttie great deal available 
literature dealing with expression in E. coli, 

Oto microbial organisms, sudi as yeast, may be used for repression of 
the subject humanized immunoglobulins. Saccharomvces cerrevisae is a preferred 
non-bacterial microbial expression host 

IS Ofter non-mammalian oikaiyotic esqnession host cells of interest indude 

insect cdls that may be used with bacculoviius expression systems. 

In addition to the use of microbial, and invertebrate cells, fnflmmaiian cells 
grown in tissue culture may also be used to produce the polypq)tides of the 
present invention. The polypqiddes of die present invottion may be expressed in 

20 any mammalian cdl system that may be used to express immunoglobulin 
polypeptides. Bikaryoticodls are prefiaxed cdlalar hosts for the laq^^ 
subject polypqiddes as opposed to non-mammalian cells, because of the numerous 
advantages associated with usmg mammalian cdls, such advantages indude 
suitable agnal-sequenceprooessmg, glyoosybtion, secredon machine and the 

25 production of fhndiond fiiU-lragtfa immunoglobulins. Mammalian cdls for use as 
expression hosts, indude CHO cdl Imes, various COS cell liius, Hela cdls, 
SF2/0 and die like. 

Host cdls for die ej^yression of the polypq>tides of the preset invention 
may be genetically manipulated so as to produce one, or more humanized 

30 immunoglobulins. When two humanized immunoglobulin chains are produced by 
the same cdl line, it is of interest t& prochice a first immunoglobulin chain having 
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a humanized variable region that comprising one member of the ftmctional pair of 
variable regions q)ecific for c-eibB*2 and a second immunoglobulin chain 
comprising the other member of the same functional pair of variable xegions for c- 
eibB-2. Thus, by producing cells gen^ically manipulated so as to express two 
5 such humanized immunoglobulins chains, multi-polypeptide immunoglobulins 
conq)risiiig a functional c-eibB-2 antigen binding site may be produced either m, 
YI^, or in the supernatants of cell cuhuies. 

In addition to the pioductiDn of humanized immunoglobulins by 
recombinant methods, automated equqnnent for the direct synthesis of polypqnides 

10 disclosed herem is commmiaUy available. Such equq}ment provides access to 
peptides of the invention, either by direct synthesis or by synthesis of a series of 
fragments that can be coupled using other known tedmiques. 

The humanized immunoglobulins of the subject invention and 
pharmaceutical compositions dieniof are paiticulariy useful for parenteral 

IS administratiim, e.g., subcutaneousiy intramusculariy or intravenously. The 

compositions for parmteral administration will typically comprise a solution of the 
humanized immunoglobulin dissolved in a physiologically acceptable carrier, 
preferably an aqueous carrier. A variety of aqueous carriers can be used, e.g., 
water, buffered wat^, physiological saline, 0-3% glycine, and the like. Solutions 

20 for parenteral administration are preferably sterile and generally ftee of particulate 
matter. Compositions for parrateral administration may be lyophilized for 
conv^ent storage and rehydrated prior to use. Iliese compositions for parenteral 
administration may be sfmiizfri by conventional sterilization techniques. The 
compositions may contain pharmaoeutically accqMable auxiliary substances as 

25 required to qiproximate physiological conditions sudi as pH fldjuitfjng and 
buffering agents, toxicity adjusting agents and the like, for example sodium 
acetate, sodium chloride, potassium chloride, caldum chloride, sodium la^tf and 
the Uke. The oonoentiation of humanized immunoglobulin in these fbrmulaiions 
can vary widely, i.e., from less than about 0.5%, but usually at or at least about 

30 1 % to as much as IS % or 20% by weight and maybe selected primarily based on 
fluid volumes, visoosities,etc., in accordance with the particular mode of 
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admioistiation selected. 

Hie invoition having been described, the followmg examples axe ofTezed 
to illustiate die subject inveotioa by way of Ohistiation, not way of limitation. 




5 Overview of Production of Nncleic Acid Sequences Encoding 

In oved^ extension, PGR is peifunued with primers dial have 
oomplemeotaxy 5' ends so tliat products fiom a fiist xonnd of reactions can be 
mixed, mehed, and reannealed to provide a tenqilate for the syndiesis of longer 

10 eximsion products in a second xound reaction. To humanize die murine antibody 
of interest, primes w«e deagned whose 3* ends anneal to human ftamewoiks, 
and whose 5' ends eidier contain cloning shes, or encode murine S20C9 CDR*s. 
A gennai scheme for humanizing an antibody is shown in Hgure 2. Ihefiist 
round of PGR utilizes DNA tBnq)late from the selected human parent TSYC 1147- 

15 28 or TYSC 1150-3S and results in four individual fragments, each containing 
dther human FRl, humian FK2, human FR3 or human FR4, flanked by doning 
sites and/or CDR's. TIieFR4 fragment is large because it also contains the first 
Chi domain of the human constant r^iott. The next round of PCR involves 
annealing C3>R1 aims on first round pnxhicts 'A* and "B", and results in a longer 

20 fragment "£', which consists of, in die S* to 3' direction: a cloning site, human 
FRl, mouse CDRl,humanR2, and a prima generated CDR2 aim. Hie other 
round two reaction anneals mouse CDR3 arms on first round products "C" and 
"D", and produces a fragment oonlaining human FK3, FR4 and constaiit regions. 
This second round product, T", is flanked at its 5' end by mouse a)R2, and on 

25 die 3* end by anodier doning site* The final round of PCR anneals die 

comptemeotary CpR2 ends in fragments "E** and T* and oeaies die complete 
humanized "G* fragment. 

Tlie "G' fiagmrat is placed into an oqnession vector. Heavy and light 
chain "6" fragments undecgo sqiarate restriction digests for Hgatibn into their own 

30 pUC vectors and are transformed into E. colt host DGIOI. Trsmsformants are 
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saeened for the presence of insert, and DNA from several potential candidates is 
sequenced. Clones with the coiiect sequence undergo another iDund of PCR with 
primers designed for incorporation of a phoA promotor/Ieader sequence in front of 
the antibody coding sequence (See Figure S). The PCR product containing phoA- 
5 antibody sequence is digested and cloned into a pHR322 based vector and 

transformed into S. fioM host MM294. Transfonnants are screened, and potential 
candidates are identified and sequenced, Qones bearing the conect sequence of 
each chain are induced for expression on the putative humanized immunoglobulin 
and checkedibr e3q)ression by Wesieni analysis. Hie final construct to produce a 
10 humanized Fab fragmat is made by combining the light chain coding ^ypifncf 
with the heavy chain coding sequence. Tliis last process involves a PGR step and 
a restriction/ligation step. 

&qmplff 2 
Selection of Human Parent Framework 

15 Human ftameworics, or "parmts", were chosai by a "TFASTA" computer 

alignment which genaated the ten best fits with human inununoglobulin sequences 
in the searched database. The selection was based on overall similarity of amino 
add residues between the human and the original mouse 520C9 sequence. The 
human sequence database was produced by cloning sqiproximately 100 heavy and 

20 light chains of hnmunoglcdnilin genes from EBV transformed human cdls, and 
subsequently sequoicing die cloned genes. In addition, both L and H chain 
variable regions were sequenced from cDN A cq>ied from human perq>haal blood 
cells using primos that woe designed for PCR amplification of the V idyvions 
into the adjacent constant domain these sequences and conqnred with the mouse 

25 variable r^ions that were to be hyperchimerized. 

The chosen human framework must not interfiere with the presentation of 
the mouse CDRs to the target antigen. Chothia, a al. Nature 342!gT7-M3 (IQM) 
hypothesized that a small repertoire of "canonical" conformations of hypervariable 
regions exist and the structure of a given CDR is strongly influenced by a few 

30 amino add residues at key positions. Such canonical residues are found in CDR 
andFRr^ons. The faunian frameworks selected for each chain have canonical 
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lesidues similar to that of the mouse antibody. 

According to the theory of Chothia, g the heavy chain canonical 
residues of special impoitance are amino adds #26, 27, 29, 34, 55, and 94. In 
die mouse S20C9 heavy chain, these residues are, in order, Gly, Tyr, Phe, Met, 

5 Gly, andAig. In the best fitting human heavy chain lasent, TSYCl 147*28, all 
canonical residues match exoqn #34, whidi is an isoleudne instead of a 
methionine. No other human parent within the tq) five selected for overall 
sequoice similaiity matdied better than TSYCI147-28. Urns, TSYCl 147-28 was 
diosoL as the human heavy diain fitamewoik parent for grafting with mouse heavy 

10 diainCDR's, 

Light dudn canonical residues of sp&cM inqKntance are amino acids #2, 
25,29,33,48, 64, 71, 90, and #95. In the mouse 520C9 light diam, the residues 
are, moni»,Ile, Ala,Ile,Ijeu«Ile, Gly,TVr, Gta,andPE0. £i the best fitting 
Ii^tdiainhumanparent,TSYC1150-38, dght of nine residues matdi. Only 

15 residue nuniber 71, wh^ phoiylalamne cq)laces tyrosine, does not match. The 
second best fitting light chain human patdit, TSYC11S&08, matdies at only six of 
tiie nine canonical residues. Amino add #29 is loidne instead of isoleudne; #71 
is phenylalanine instead to tyrosine; and #95 is phenylalanine instead of proUne. 
Two human light chain fiameworks, TSYC1150-38, and -08, w^ chosen for 

20 grafting of mouse light chain CDR's. Humanization of light chain has been 
conq>leted with only TSYC1150-38 as parent. 

Design of Primers for Frameworic Grafting bv Overiaiming PCR 
The expected sequences for heavy and light chain, from hnmanization of 
25 mouse 520C9 CDR's witiilnmBanparem frameworks, is given in. figure L Eight 
primers for each chain were desigiied based on the sdieme presented in figure 4. 
Each primer contains two regioris, one beating sequence whidi aimeals to himu^ 
fiamework, and the other either cootaining a doning site or h' ^ ' in g sequence 
which encodes for a niouseQ)R. Half of the primers are upstream (located at the 
30 5' end of tire reaction) primers and tiie odier half, downstream located at the 3' 
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30 



end of the reaction) primers. Each PGR reaction requires one upstream (front) 

and one downstream (back) primer. A short explanation of each primer foUows 

(The abbreviations HC and LC refer to heavy chain and light chain, respectively): 

(3jC17(HQ or CLC24(LC):(upstream) 

5' end contains cloning sites XhEtld&Q or SacI(LC); 
3' end anneals to FRl. 



CLC18(HC) or CLC25(Lq:(downsiieam) 
3' end anneals to FRl; 
S' end encodes for a>Rl. 

10 CLC19(HC) or CIja6(ljC):upstream 

S* end encodes for CDR1« 
3* end anneals to FR2. 

CLC20(HC) or CLC27(LC):(downstteam) 
3' end anneals to FR2; 
15 S' God oicodes for CDK2. 

CIjC21(Hq or CLC28(LC):(upstream) 
S' ffld encodes for CDB2; 
y ad anneals to FES. 

CLC22(HQ or CLC29(LQ:(downstream) 
20 3' end anneals to FIG; 

5' ad encodes for CDR3. 



25 region, 



CXC23(HC) or CljC30(LQ:(upstrcam) 
S' end encodes for CDB3; 

3; end anneals to FR4, for extension timnigh human constant 



SYP12(HC) or SYa24(LQ;(downstream) 

3* end anneals to the end of the HC or LC 

constant region. 
5* end contains cloning sites SpeI<HC) or XbaI(LQ 

TTie heavy and light chain "G" fragments were digested with restriction 
enqmes in separate reactions and cloned into thdr own pUC vectors Ligations 
were then transformed into DGlOl host Potential cbnes were identified by 
colony PGR or by nunq)rq) analysis and were sequenced. The correctly 
humanized heavy chain in pUC was found in done TCC19-4 
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Exaiiiplej4 

Design of Primers for nhoA IncoTpoTarion 5' to the Vfnmiknne d Heavy Chain 

Fporprimeis, W to Z, as shown in figine 5, aie needed for the overlap 

ext^isicm PGR that incQiporates phoA promotor and leader sequences in front of 

5 immunogibbulin coding sequences, ^di pnmer in tfaefiguie is discussed bdow: 

Pdmer W anneals to a portion of the plasmid pSYC1087 ahead of a r^oa 

encoding for the B^ffi^ promoter and jeado^ sequence* The primer can be divided 

into two parts. One part anneals to pBR sequence^ Ae plasmid backbone, and die 

other anneals to restriction sites wbkti piecede phoA sequmoes in pSYC 1087. 

10 W: (HCorLC) 

LWOl: 5*-GGGG ATCGAT AAGCTT GGG CTGCAG GTCGAC 
pBS322 sequoice Pstl Sal[ 

Prinm Xand Y togedier create an in-fiame junction between die end of 
the Bho^ leader and the sequence encoding human amino add #1 in the antibody. 

IS These primer sets are specific for each antibocty. Ih^ are oft» modified to 
racode for amino adds diat are missing finom the human parent sequence For 
example^ immediately following, Le. 3' to> flie phoA sequences, die primes for 
die humanized S20C9 heavy cham juncdon region encode for die first six human 
consCTSUs amiM adds found in MhL et al.. Sequences of proteins of 

20. imimmnl^glg^^ TT g Tv^ wTTg (iQg7) It is uccessary to supply 

these amino adds because the human fibrary was created by primers which start at 
amino add #7 of the heavy chain. 

Y: (HQ 

LW13: 5* r- | GAO ATC CAA CIO GTG GAG | TCT 000 CCT GAG 

25 GIG 

LW14: GGACACTCTTITCGO | CTC TAC GTT GAC CAC CTC | 5' 

X: (HQ 

ead of proA leader lit nx eoBsensns hnnuni staitofFRl in 

HC B4L fiom Kdnt TSYC 1147-28 

30 Y: (LQ 

LW16: S'-CCTCTGACAAAAGCC .| GAC ATC CAG ATG ACC CAG 
LW17: GGACACTGTTrrCGG | CTO TAG GTC TAC TGG GTC— 5' 
X: OjQ 

end of plioA leader ttait of FRI m TSYC USO-38 

35 Prim^Z is a bade primer whose 3' end anneals to. the final nudeoddes of 
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the humao heavy or light chain constant icgion. Its 5' end contains cloning sites: 
either gpgl for heavy ciiain, or Xbal for light chain. 

Z: (HQ 

LW15: G TTGTrcCACCTGTrcTrT | TGA TCA | OCC C— 5' 
end of hnmaa keavy chain Spel 

COOStSDt fyj lPW 

Z: (LC) 

LW20: AAGTrGTCCCCTCTC ACA | ATT A | G AG CTC CCT AGG CGG— 5' 

end of hnan Itgbt chain STOP Xhol BamHI 



10 



Hie piDducts woe lestiicdon digested with ^^EH and SBfit and were 
clraed into a pBR based vector with an ampicillin selection ma^ Downstream 
from the SbsI site, the vector carded the KT3 pqydde sequence, NHa-TFFFEPET- 
COOH, in fiame with the heavy chain pqnide and the B. thurinpiensis crystal 
15 pn3t^ transciqnional terminator. Transformants in MM294 were screened for 
inserts, and sevml danes bearing insert were sequenced. LW1S6 contained 
correct promotor and leader sequoces and correctly encodes for the 
humanized "S20C9-28* heavy chain. 

20 PhoA IncOTPOratinn ^h«>ri of Hnmamyivl Light Chain 

The wrtmg template was inadvmently used to create the *G" fragment ( 
"G" as in the Figure 2 scheme). The mistake was not realized until sequencing 
revealed that one of the humanized light chain *'G" fragments for parent 
TSYCl 150-38 matched that of the desired fused done. Instead of starting ovot and 

25 creating a new "G" fragment using the correct template, the sequenced tnati>riaic 
were modified. Amino add alignment of sequenced clones witti the fused 
•520C9-38" sequence indicated that done •38-18" most resembles the desired 
sequence. ItomtainedoneQiorat aminoadd43 (mframeworlcregion2, i.e., 
FR2), changing alanine to threonine and other enors in the constant region. 

30 Overlap PGR was pofbrmed (see Figure 6) to create the correctly fused 

light chain sequence by using templates which were correct for different regions of 
the variable and the constant region, and at the same time, to incorporate the phoA 
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junction. pSYC1087 was used as the phoA tenqylaie. "08-1 r was used as a 
template for FRl, Q>R1, and FR2 because kpossessed the conea amino acid, 
threonine, at position #43. "38-18" was used as the template for FK2, CDR2, 
FK3, CDB3, and FR4. Another done, "38-17" was used as template for the FR4 

5 and the constant ii^n. Existing pximers weie used to csBate pxoduds which 
wodd anneal to each other in second and dmdiQund extensions. PrimerW, 
LWDl , and lig^it chain junction pximer Y, LW17, wexe used to amplify 
pSYC1087. light chain junction pdm^ X, LW16, and CXC27 anq>]ified "08- 
11". C1jC27 wasdescnbedeariia-andanneatetai^andCDSlxe^^ 

10 0X26 and C3X20 anq>lifial "38-18". 0X26 anneal andFR2, while 

CIjC29 anneals to FR4^dpait of tfie constant v^ion* CXC30, a perfect 
complement to CLC29, and 2 ptimer LW20 amplified "38-17" to provide the 
conect constant region. 

in the second round, P(3l pnxbicts tern pSYC1087 and "08-11" we^ 

IS melted, reannealed at the phoA-FRl junction, and extoided to create a longer 
fragment that contains conect sequsice vp xo CDKl. Products from "38-18" and 
"38-17" were melted, leannealed at tbt CLC29-20 junction, and extoided to form 
a longer fragment, which contains sequence from CDRl to the end of the constant 
region. The latter second round ftagm^ canies the inconect amino add #43, 

20 alanine, from its parent "38-18", and is the source of the problem for the final 
extension step. The two second round products melt and anneal at a laige region 
encompassing CDRl , FR2, and CDS2, and extend to potentially fom the final 
phoA-humanizedli^ chain product A problem occurs because tfaoe are two 
tempbtes for amino, add residue 43, where one encodes for threonine and die 

25 other, for alanine. Becauseatleastbalf of the templates for that position are 
inooirect, the same propoitiQn of the final products wiU also 

The K^imMlucts were digested with ffindm and Xhol and were lig^ 
into a.pBR322 based vector, sunilar to the one for tite heavy chain, but nyiw^ is the 
KT3 tag sequence. TransfonnantsinMM294 weie screened by colony POl and 

30 by jsaoiptBp restriction analysis, and potential candidates were sequenced. Clone 
LW206 contains the correct phoA promoter and leader sequence, and conect 
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variable and constant region amino add sequrace for humanized "S20C9-38" light 
chain. 

Constniction f^f fffmpfii^ Fah 
5 Plasmid from taimani7« l heavy chain in the phoA expression vector. 

pLW144, was cut with lisil and Xhol and purified. Separately, a PCR reaction 
was peifonned, using clone LW206 9S template, to add a Nsil site ahead of the 
phoA leader sequence. Restriction digKt of the PCR piodnct with Nsil and Xhol 
resubed in a fragment of sqypraximatdy SOObp ready for cloning behind die heavy 
10 chain V bsdr. ligation and transfonnation (TLW170) into MM294 E. coli host 
resulted in a large number of inseit-bearing clones. Clones TLW170-1 and 
TLW170-3 were sequenced and oonfmned to contain conect phoA, heavy chain, 
the KT3 tag, and light chain sequoices. 

Example 7 

IS Purification of Humanizffd 5?nC9 E. Coli Expressed Fab 

One liter of cell culture E fi£di strain TLW170-1 was inoculated and 
induced for expression of the plasmid encoded proteins for about 8 houn. 

Low Phosphate Induction: 

A tube or flask containing Hi P medium [High Hiosphate Medium (Hi P): 

20 = Low phosphate medium with 10 mM in KH3PO4 was inoculated with a colony 
of the cdls to be induced and grown at WC ovmight on a shak^. Cdls were 
collected by centrifogation and washed 2X in equal volumes of Lo P medh^ 
[Low Pho^hatB Medhun (Lo P): IX MOPS, 0.4% glucose, 0.15% vitamin fee 
casamino adds (LS9), 2 Mg/ml Bl (thiamine), 0.1 mM KH3PO4, antibiotic 

25 (anqnollin, 50-100 MS^mQ and resuspoided in low phoi^hate medium (10 
mis/tube). The cells wot resuspended in the original vohime in Lo P medium 
and then dihited 1:50 into fresh Lo P. The cells were incubated at 30^C for > 6 
hrs to ovendght on a shaker. Tlie cells shouM achieve a final Am of 
approximately 1. 
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CeDs weie removed by cQitrifuption at 10,000 ipm for 30 min. and 
washed once in SO ml of FBS/NaNa. Tbey were stored at -2^C. 

The pellets weie lesu^ieoded into FBS/NaN3, onepdlet into 25 ml and the 
second peDet 40 ml. The fint was leftozen at -20T and thawed at 37T a 

5 of fionr times irt^inHmg the initial thaw. The second pellet, was sonicated four 
times of two minute duration. Both tiie ireeze/thaw and sonication mixtuzes were 
centiifhged at 10,000 ipm for 30 miontes. 

The foDowing samples woe saved for analysis by EIISA: A-cdlsin 
growth media, B-gidwtfa media fitom Oe first oenttifugation, C-first centrifugadon 

10 pellet I!BS/NaM3 wash, D-fieeze^w pellet, E-freeze/thaw siqmnatant (25 ml), 
F-sonicationpdlet, and 6-sonication supernatant (40 ml). 

An SDS-PAGE nonredudng gel analysis was performed on sanq>les A 
throu^ G. Coomassie Blue staining indicated some Fab in samples A, D, £, F, 
and G. A c-erbB-2 EUSA of factions A through G indicate activity in A, D, E, 

15 F,andG. However, the activity in fiactionE was found to be higher than G. 
Shnikr purification procedures p^ormed on 52X9 (non-humanized) expressed in 
g. also found the highest level of anti c-eriiB*2 activity in fiaction E 

To isolate (containing the KT3 tagged H chain), a 2ml affinity column 
of Protdn G Sqpharose ET3 was washed with 3 cofamm vohmies of 0.1 M 

20 Na^CO), pH 10.5, and then a large vohune of PBS/Nal;^. A sample of each 
supernatant (20 ml of Eand 35 ml of G) were separately passed ovier the same 
column. Afi^tfaesampleloadingwascompleletheoohmm was washed with 10 
ml of FBS/Nal^whidi was added to the flow-through vohmre. Tliematerial 
bound to the column was duted using 10 ml of O-lMNa^CO,,^ The 

25 ehiate was immediatdy neutralized and the protdn concentration d^mnined using 
Fierce Coomassie reageon tiie sonicated ehited material firom sarnple gave a 
concentration of 28 fig/ml and the freeze/thaw sanq)Ie gave 7 iigfmL SDS-PAGE 
. analysis of the starting material, the flow through, and the eiuate, shows there is 
sdU a large amount of the Fab in the flow through of bodi die fieeze/thaw and the 

30 sonicated procedures. 
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Example 8 

Renamration Studies of Fab Produced in E. CoH 
RenaturadoD of Fab pnxiuced in ss^ was successfully perfomed using 
pioceduies described in Buchser and Rudo^h, Bio/Technolopv 9:1S7-1&2 (1991). 
S Using conditions described as optimal by Buchner and Rudo^h humanized S20C9 
Fab (TLW170-1) witii binding activity to c-eibB-2 has been produced. 
Fuithmnoie, activity in the cnide extiaa was obtained in the absence of 
doiatuxation/matuiation for two versions of the hiitnamyjiirf S20C9 Fab (fitom 
clones 170-U 169*1). 

10 Metiiods 

B.£Q& were grown oveniigfat in 25 mis of SP medium. The cdls were 
harvested by centrifugation (10 minutes, 6,000 ipm in two 15 ml tubes), washed 
once in low pho^hate medhun. The cells contained in 1 tube (equivalent to 12.5 
mb of die OP medium) were used to inoculate the low phosphate culture, which 

15 was grown at 30T for 7 hours. The cells were harvested by caitrifugation and 
combined into one 50 ml centrifuge tube. The cells were eitiier frozen at -20''C 
ovonight or treated with lysozyme. 

The freshly collected or tiawed cells were resuspended in 50 mis of 0.1 M 
Tris CI, pH 7.8 containing 20 mM EDTA and 0.5 mg lysozyme/ml at room 

20 temperature for 1 hour. The lysed cells woe oentrifiiged at 20,000 ipm for 25 
minutes and the sq)ernatant stored frozen until they were assayed. Breakage was 
evident by the gd-Iike nature of the suspension. The pellets were washed widi 50 
mM Tris CI, pH8, containing 20 mM EDTA. Sonicalion of one batch was used at 
this stage to break up the pdlet and provide better extraction. 

25 The pellets were resuq)ended in 50 mM Tris Q, pH 7.8, containing 1% 

Triton X-100, 0.5 M NaQ, and 20 mM EDTA. The pdlets were collected by 
centrifugation and washed twice widi 50 mM Tris CI, pH 7.8, containing 20 mM 
EDTA. To die drained pellets wm added 0.1 M Tris CI, pH8, containing 6 M 
guanidine HQ, 0.3 M ditfaiotiueitol, and 2 mM EDTA. The suspension was 

30 voitexed occasionally at room temperature for 1 hour and the pellet collected by 
centrifugation at 40,000 ipm for 15-20 minutes. The pellet was leextcacted with a 
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smaller volume of denanirant in one experiment. 

The piotein concentration was d^ennined by Brad^ SDS- 
PAGE was nm on the sanq>les with and without reduction to detennine the purity 
and level of eqnession of Fab. 
5 Senaturation was achieved by diluting die guanidine/DTE solution of Fab 

into 0.1 M Tris CI, pH 8.2, containing 2 mM EDTA, 0.2 M Lraigmine, and 2 
mM oxidized glutathione. The iinaI.diIution of the Fab was 1:100, which 
produces a final conoentrioion of 3 mM DIE in the redox system. The 
renaniraticm buffer was brought to U^C before dihition was made. 

10 Results and Discussion 

Tmt Dependence of Renaniration of Pellrt F : 

A pellet (F) (see section VI for d^ails), produced fiom 170-1 humanized 
S20C9 Fab in £. £Q]i was extracted with guanidine and DTE and renamred as 
described above. The total protein concentration in die renatuiation buffer was 35 

15 and 18 ftg/ml. Because the pdlet during washing lodced as if two layers were 
being sq)axated during centrifugation, an attempt was made to sq)ara!B di^ 
resulting in two fractions* SDS-PAGE analysis did not indicate ai^ difiereoces 
b^een the two fractions. 

To enable all of the assays to be done at once, dilutions fitom the 

20 guanidine/DlE sohition of Fab (store at room temperature) were iimde at var^ 
times and renaturation started at 11 ^C(10T was intended). Dihitionswm 
peifbnned by adding 100 ftlof Fab/guanidine/DTE sohition to 10 mis of 
renaturarion buffer (which had been stored m the refrigerator). Afi^ 86 hours of 
lenaturation, the samples were all assayed at the same time. The staggeied times 

25 of renaturation were 86, 74.5, 38.5, 16.5 and 0 hours of renatusation. The buffer 
control produced no signal Activity was detected in all samples. The best 
reooveiy of activity was seat witii the longest time of renaturation. Because no 
positive control was possible, the extent of the recovery of activx^ could not be 
estimated. 

30 These samples were assayed again about 3 days later. The activity was 
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again obsmed, but tbeie was less diffeieDce betweoi die shoitest and longest 
times of lenaniiatiQn. Iliis was expm&A as all of the molecules reached the 
"plateau" legion described by Buchner and Rudolph. 

Hiese e}q)eriments dononsciate that lenatuiation of Fab produced in coy 
S was possible and that the humanized version of S20C9 rdblded and was active. 

ConcCTtiation of "Titne Dependence" Samplgc' 

About 6 days after the start of the renaniration studies, all the samples were 
pooled and concentrated on a stilled ultrafiltration The concentrate was 

stoied at 4T, and became cloudy. 

10 ^^tiiraHnn pf pfeU^ F : 

Most of the guanidine/DTE solution of pellet F was left after the time 
dqi«idence studies described above. Thexefore, the ronainder was diluted 1:100 
mto renaturation buffer and incubated at irc ELISA assays revealed acdvity. 

RenatorationofTLW^yfUy 

15 The cells from 500 mis of medium induced for 7 hours at 30**C were 

treated with lysozyme and the supernatant collected by centrifiigation. TTie pellet 
was extracted with 4 mis of guanidine/DTE. Because of the presence of DNA, 
die pellets resembled rubbCT before extraction. Bradford analysis showed that the 
amber colored 40,000 rirai5iq)cniatam contained 3^ Tlie 

20 piotrin was diluted into 340 ml of renaiunttion buffer and incub^ C- 
eihB-2 binding activity was observed by ELISA. 

SDS-PAGE showed that little or no 50.000 MW Fab in the pellet was 
extracted by SDS sample buffer that did not contain reducing agent However, a 
stnmg band having a molecular weight of about 25,000 was obtained when the 
25 pellet was extracted with SDS in reducing agent. 



Comparison of Human^j^ and Murine, F^ h;;* 

169-1 and 170-1 are two different versions of humanized 520C9 Fab; 46-1 



.30 



isthennirine520C9Fabaa)ressedmE. coK. Extraction of the cdis obtained 
from 500 mis medium wiSx 1 ml of guanidine/DIE gave total protein 
concentrations (measuied by Bradford assay) of 2.78, 3.81, and S.22 mg/ml. 
leqiectiyely. Extiaction of the remaining peJlttwitii an addiltional 0.75 ml of 
5 guamdine/DTE gave coocentiations of 2.72, 1.92, and 3.32 mg/mU respectively. 
Hie btal samples (1.75 mQ were (fihited sqnrately into 175 mis of renaturation 
bafiier and incubated at irc M^nnding activi^ was obsetved widi all time 
sanqiles. 

Extraction of tile pdlet witii SDS widunit reducing agent did not solubilize 

0 Fab produced by 169-1 and 170-1; however, tiie muiine Fab, 46-1, was 
sohibilized. All tinee Fabs were scdubilized by SDS containing reducing agent 

Isolation of Fab r 

The initially refolded Fab pellet, TLW 170-1 (wWdi was concentrated to 
about 5 m^, developed smneturiridity after concentiation. A one ml san^le was 

5 dialyzed against 20 mMTiis CI, pH 8.3, ovenright at 4»C. Thesamplewas 
cemiifuged at 100,000 x g for 30 minutes and tiie sqienolant separated by 
chromatography uang a Poros strong anion exchange cohnnn (0.5 ml fiactions 
collected). When tiie sample was originaUy concentrated (before tiie tmbidhy 
developed), ti>e total protem concentration was 240 pg/ml and wiww allnly^w^ ^py - 

} nonredudngSDS-PAGE gel flie Fib was just baidy visible witiiCoomassie 
staining. By estimatii^ tiie praldnconoemration based on tiie inlensi^ of staimng 
tiie yield ofFab was detemuned to be about 50 Mg/ml. The entire sample was 
iigected onto tiw anion exciiange cohma and develqied wifli a NaQ giadra 
mMTrisG buffer, pE 8.3. Beak tubes were analyzed by SDS-PAGB witii silver 

1 stam. A murine Fab gecoated by pqain digestion was used to idoitify die 
relative chromatogrqdiic eiutian time. However, gd analysis failed to show any 
FAb band in any of tie peaks. An additional sample, however, showed good 
activity on tiie SEBi3 INN plate coat assay. 

Thus, bodi murine and humanized 520C9 Fabs are active and can be 
) rmatnied fiom guanidlne in a redox system. 
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Large sanqdes of £. cs^; expressing murine S20C9 (46-1) have been 
grown at lower tenqmatmes (23" and 2TC) to increase tbe amount of soluble 
Fab. A.IO liter sample was induced and grown at ITC before the cells were 
collected. The pef^lasmic space was qmied to release tbe sohible, secreted Fab 
5 localized to the periplasmic spax. TUs material cmdained active, soluble Fab, as 
measured by SDS-PA(X and EUSA. The Fab obtained ftom the perqilasmic 
space was concentrated and analyzed before it was passed ova- a twimnn of 
inmurtnlized c-eibB-2 extiacelluiar domain. Tbe oohmm was washed and then 
ehited withahigbcQnoeiitntioDofIia(3.5M). Fiom one-tenth (rf die 
10 "peiqilasmic Fab', about 400 Mg of Fab was recovered. Rd) that was not letamed 
by die c-eriiB-2 cdumn was not active when assayed by a SDS-PAGE western 
bloL 

Analysis of the murine 520C9 Fab (46-1) rBcovered fiom die affinity 
chromatogi^hy cohnui showed essentially the idoitical results whoi compared to 
15 a proteolytically produced sample of 520C9 Fab m an EUSA assay. Tlieieforc, 
it ^jpears diat die association constam of die recombinant Fab is die same, or 
neariy die same (widiin experimental error), as die Fab maife fiom intaw 520C9 
antibody produced in ascites cdls. 

20 Assays on Recnmhinanf Hnmy^jyfd SIOTQ V»h 

Tlie pmpose of diese eiqierimeots was to detennine if buinamzed S20C9 
Fab ejqnessed in fi. fiog is cqiable of binding c-eitiB-2. 

T^licaie sets of imindiiced and induced £. £g]i sanqiles amtainiiig 
hnmaniwid 5^)C9 (not refolded) were lun on non-redudng SDS PAGE and 

25 western blotted (rnto a mendnane. Two sets were probed with HRP^onodooal 
anti-human lappa chain or widiHRP-K13, le., an antibody specific to die 
oligopeptide and TSWOfEl conjugated to horse radish peroxidase. Adiiidset 
was probed with c-eibB-2 ECD-HRP. ECD-HRP is hoise ladisb peroxidase 
conjugated to an antibody specific forc-eibB-2 (Nu2) ECD, an extracellular 

30 domain (BCD) of c-e*B-2 expressed in a secreted form from baculovinis infected 
SF9 insect ceUs (die Nu2 constiua has die TFPPEPET polypeptide sequence 
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rqjlacing the transmsnbiane domain of c-eihB-3. A number of nonspecific bands 
deydoped in both miinduced and induced lanes. One additional band widi near the 
e;q)ected jnobility for Fab may have developed only in the induced lanes, but was 
so dose to another nonqpedfic band that it could be seen only as a widening of the 
5 lane. 

Fab fiagmmt generated firom non-specific human IgG was bound direcdy 
to FVC microtiter wells and probed with Zymed" goat anti-human antibody. 
Some signal was seal, but the s^nal was weak at the piobe dilution used on the 
fawmniTAfi Fab samples. 

10 To avoid the uncertainties of using the goat anti-buman probe, an ELISA 

was peifoimed using wells coated with SK-Br-3 INN cell retract, this extract is a 
source of ceU e}q)ressed c-«ibBr2 that does not bear the EI3 tag pqptide. The 
presence of E. coli produced Fab bound to the cell extract was detected with KT3- 
HRP. A reassay of humanizftl Fab samples with this protocol showed activity in 

15 various factions, with the highest activity in the freeze/tf^ Active 
Fab could not be quantitated in absolute tenns for lack of a purified standard. 

Refolded samples containing humanized S20C9 Fab were assayed with the 
SK-Br-3 TNN/ED-HKP ELISA. Samples showed over a ten-fold increase in 
activi^ that occurred afi^ 86 hours of refolding. 

20 llieiefolded san^Ies wmreassayed with the same ELISA after an 

additional three days idbldiqg time. Some furdier increase in activi^ was seen, 
but die ELISA curves flattraed. Some sang)les refolded for longer times showed 
less adivi^ this could have been caused by proteolytic degracbtion among other 
causes. Samples fiom humanized clones. 169-1 and 170-1 were active. 

25 Hmnamzfiri 520C9 Fab ftom both clones (169-1 and 170-1) is active. 

Refolding can increase activity more than 10- fold. 

Biological Deposits 

On March 24, 1992, Applicants have deposited with the American Type 
Culture CoUection, Rockville, Md., USA (ATCC) the plasmid pLW187, described 
30 herein ATCC accession no. 68942. This d^sit was made under the provisions 
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Of tfaeBudqiest Treaty on the Intmiational Recognition of Oe Dq>osit of 
MidOQiganisms for the puiposes of patent pioceduie and the Regulations 
therainder (O^dapcst Treaty). TUs asaues maintenance of a viable cuttuie for 30 
years fipom date of dq»sit. The organisms will be made available by ATCC 
5 undo'the terms of the Budq)est Treaty, and subject to an agrsemoit between 
Applicants and ATCC which assures unrestricted availability upon issuance of the 
peitment U.S. patent. Availiatrility of die dqxisited strains is not to be construed 
as a lioaise to practice the invention in contravention of the rights granted under 
the audioriQr of any govemmeot in accordance with its patent laws. 

10 Equivalents 

All publications and patents mooned in the above q)ecification are herein 
incorporated by rrference. The foregoing written specification is considered to be 
sufiBcient to enable one skilled in the art to practice the invention. Indeed, various 
modifications of the above-described modes for carrying out the invention which 
15 are obvious to those skilled in the fidd of molecular biology oridated fields are 
intended to be within the scope of the following claims. 
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WE CLAIM: 



L Ad immunoglobiilin oompriaiig, a hninanizfld variable r^on, 
wheiein said variabte region is a member of a funcd 
specific for binding to c-eibB-2. 

2. An inmimiDglobaiinacconiing to claim 1, said immunogto 
fmtfaer comprising, atleastapoitionof atammimmimoglcdndinconstamRsira 

3. An immunoglobulin accoxding to daim 2, wheiein said constant 
XGffiOa is a conq)lete constant xegion. 

4. An immunoglobulin accoiding to claim 2, wheiein said hHmaniTP^ 
variable r^jon and said constant i^ion axe.of the same chain Qpe. 

5. Animmanq^(4mIinacc(nd2ngtodaim4»^^^ 
heavychain. 

6. An immimogldbulin according to daim 4, wheiein said diain Qfpe is 
fight cbam. 

7. An immuno^(dniIin molecule accoiding to claim I, whei^ 
immunoglobulin finther comprises in operable comlnnaiion, a leader sequence. 

8* An inmnmog^ohuKn acfsimiing to claim 2^ iaid immminglft h Mlifi 
fuidier comprising in operable combmarion, an oligopqjtide tag, whoein said tag 
is joined to said constant n^ion. 

9. A multi-polypqjtide immunoglobulin, comprising an 
immunoglobulin according to claim 1. 
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10. A muld-polypeptide immunoglobiiliii accoidiDg to claim 9, 
conqnising in opeabte oombiiiatioDy 

a) a fiist immum^lobulin molecule comprising, a first humanized 
variable xegion, wherein said variable region is a member of a 
fiiQCtional pair specific for c-eibB-2, and 

b) a second inununoglobulin molecule comprising, a second h»fiiantTi>H 
variable tcffoa, wherein said second variable i^on is a monber 
of the same functional pair as said first immunoglobulin variable 

. rpgion. 

11. A muhi-polypeptide inununoglobulin according to claim 10, wherein 
said first immunoglobulin molecule further comprises a first consiam region, and 
said second immunoglobulin molecule further comprises a second constant region. 

12. A multi-poiypq)tide immunoglobulin according to daim 11, wherein 
said first constant region of said is a heavy chain constant region, and said second 
constant rpgion is a li^ chain constant region. 

13. An immunoglobulin according to claim 12, wherein said first 
variable region and said first constant rpgion belong to the same chain class, 

wherein said second variable legion and said second con^ 
same chain class. 

14. A mnhi-polypqytide immunoglobulin according to claim 12, said 
aggr^ate fiirtha comprismg a theiqmtic moiety. 



15. A muUixilypqnide immunoglobulin according to claim 14, wherein 
said therapeutic moiety is selected from the group consisting of, toxins, 
radionuclides, ladioKjpaque imaging compounds, enzymes, drugs, and pnnlrugs. 
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16. A Dudeotide seqnaice, said nucleotide sequmce encoding a fust 
bumanized vanable region sequence, wiieidn said variable region is a member of 
. a imctional i»ir spedfic for c-eihB-2. 

17. A nucleotide sequence according to daim 16, said sequence fiiitfaer 
• comprising at least a poztion of a bnman constant regira. 

18. An esqiressicMi vector, said vector comprising in opecable 
com bination, a promoter seq uenc e, qpeiab^ jdned to a mideotide sequence 
according to claim 16. 

19. A nucleotide sequence oonqmsmg a first micleotide sequoice 
according to claim 16, a second nudeotide sequence according to daim 16, 
wherein wb^ the variable rsffODS encoded by said nucleotide sequences of fonn a 
functional pair spedfic for o-etfaB-2. 

20. A ttiec^)eutic conQ)osition comprising, an effective amount of a 
nniM-^lypqidde inununog^buM acconiing to daim 9. 

21. AodltiansfinmedwithavectoraccQidingtodaim 18. 

22. A method of drtfrtrng caidnoma cdls, said method comprising die 
step of, adndmstaing a compound- according to daim 1 to a p^**"*^ " 

23. * Ametbodof treating a cancer patient, said method conqnising the 
step of administering a c p ^ p ffl 'nd according to 1 to pqfii»n t 
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COMPLETE NUCLEOTroE SEQUENCE OF 
lUNlANIZED ANTI-erbB2 520C9 Fab LW218 IH-28;L-38] 
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PRIMERS FOR INTRODUCING ANnBODY SEQUENCES 
INTO A pBR BASED EXPRESSION VECTOR 
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